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1.  INTRODUCTION 

Solvay Chemicals, Inc. owns and operates Solvay Soda Ash Joint Venture Plant, a sodium 

carbonate manufacturing facility located in Green River, Wyoming. The facility consists of 

two-stoker coal fired (originally a gas fired site) Calciners with one shared common stack. 

The Calciners will use Selective Non-Catalytic Reduction (SNCR), Flue Gas Recirculation 

(FGR) and water injection to control NOx formation. Emissions from the stack will be 

monitored by a dedicated continuous monitoring system (CMS). The CMS for purpose of 

this protocol includes both the continuous emissions rate monitoring system (CERMS) and 

the continuous opacity monitoring system (COMS). Emissions from each Calciner will be 

monitored by a dedicated flue gas analyzer system (FGAS). The CMS and FGAS units are 

located at the base of the stack. Exhaust gases from all units are discharged into the 

atmosphere through a common stack approximately 110 feet above grade. This report 

contains information regarding the Calciner FGAS Unit 2 and the common stack CMS.  

Custom Instrumentation Services Corporation of Centennial, Colorado built both the 

FGAS and CMS required per Federal and State regulations. This report provides 

information on the certification of the equipment measuring emissions from the Unit 2 

Calciner and the common stack. Data from the FGAS and CMS is recorded and stored on 

a Data Acquisition System. 

The FGAS and CMS on the Calciner and common stack, respectively have been designed 

to meet the monitoring and reporting requirements of the State of Wyoming Department of 

Environmental Quality (WDEQ) and USEPA as required by 40 CFR 60. This report 

presents the results of testing on the oxides of nitrogen (NOx), oxygen (O2), and stack flow 

analyzers on the unit 2 Calciner and the common stack. In addition, the common stack 

opacity monitor will be tested. The testing was performed to meet the requirements of 40 

CFR 60, Appendix B, Performance Specifications 1, 2, 3, 6. 

Field certification testing on the CMS and FGAS occurred between June 13, 2006 and 

September 15, 2006. These dates are consistent with the initial notification of the Solvay 

Soda Ash Joint Venture Certification Protocol. The tests conducted on the FGAS and 

CMS included Relative Accuracy, Linearity, and Calibration Drift test. COMS testing was 

performed on the common stack only. 

Optimal Air Testing Services, Inc. of Casper Wyoming conducted the Relative Accuracy 

Test Audit (RATA) for NOx, O2 and flow. A minimum of nine 21-minute runs was 

completed on the Calciner and Common Stack. The results of the RATA tests are in the 

Optimal test portion, located in Appendix 1 of this report. As shown, the measured 

Relative Accuracy of each analyzer was within the EPA and WDEQ requirements for all 

parameters. A detailed description of the RA testing is provided in Section 2.1 and the 

Optimal test report in Appendix 1.  

The calibration drift tests occurred during 7 consecutive operating days, which is 

consistent with WDEQ and federal accepted criteria. These tests took place between June 
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5, 2006 and June 21, 2006.  The results of the analyzer drift tests are summarized in Tables 

1 and 2. As shown, the analyzers operated well within the applicable EPA requirements. 

An explanation of the drift test is provided in Section 2.2 and supporting documentation is 

provided in Appendix 2. 

Linearity tests on the NOx and O2 analyzers are a requirement of the WDEQ.  40 CFR 75 

criteria were employed to meet this requirement. These tests took place between June 15, 

2006 and June 16, 2006.  40 CFR 75 Appendix A 6.2 allows the exemption of the low 

NOx range linearity. The results of the tests are summarized in Tables 1 and 2.  As shown, 

the analyzers operated well within EPA requirements for all parameters.  An explanation 

of the linearity test is provided in Section 2.3.  Audit reports for the linearity tests are 

provided in Appendix 3.   

Tests on the opacity monitor are a requirement of the WDEQ and 40 CFR 60. These tests 

took place between June 15, 2006 and September 15, 2006.  The results of the tests are 

summarized in Table 1.  As shown, the analyzers operated well within EPA requirements 

for all parameters.  Explanations of the variety of opacity tests are provided in Section 2.4.  

Audit reports for the opacity tests are provided in Appendix 4.   

Formula verifications were performed on the Data Acquisition and Handling System 

(DAHS) for the both the Calciner and the combined stack units on June 14-15, 2006. The 

DAHS passed all the tests required by EPA. The DAHS tests are described in Section 3 

and supporting documents are provided in Appendix 5. 

In summary, the CMS on the common stack and the FGAS on Unit 2 Calciner at the 

Solvay Soda Ash Joint Venture Site provides reliable data and operates within the 

requirements of the EPA as outlined in 40 CFR 60, Appendix B, Performance 

Specifications 1, 2, 3, 6 and the requirements of the WDEQ for CERMS, COMS and 

FGAS units. 
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Table 1 

SOLVAY SODA ASH JOINT VENTURE COMMON STACK 

SUMMARY OF CMS CERTIFICATION RESULTS 
COMMON STACK RESULTS STANDARD  PASS / FAIL 

RELATIVE ACCURACY 

NOx ppm  6.46% RA 20% RA Reference Method PASS 

NOx ppm @ 3% O2 4.50% RA 20% RA Reference Method PASS 

NOx lb/MMBtu 4.27% RA 20% RA Reference Method PASS 

NOx lb/hr 6.39% RA 20% RA Reference Method PASS 

NOx lb/hr 4.83% RA 10% RA Applicable Standard PASS 

O2%, wet vol. 0.24% RA 1.00% RA PASS 

O2%, dry vol. 0.04% RA 1.00% RA PASS 

7-DAY CALIBRATION DRIFT  

NOx (Zero) 40 CFR 60 0.13% of span 2.5% of span PASS 

NOx (Span) 40 CFR 60 1.66% of span 2.5% of span PASS 

O2 % (Zero) 40 CFR 60 0.1%  0.5% O2 PASS 

O2 % (Span) 40 CFR 60 0.3%  0.5% O2 PASS 

O2-wet % (Zero) 40 CFR 60 0.0%  0.5% O2 PASS 

O2-wet  % (Span) 40 CFR 60 0.1%  0.5% O2 PASS 

Stack Flow (Zero) 40 CFR 60 0.19% of span 3.0% of span PASS 

Stack Flow (Span) 40 CFR 60 0.33% of span 3.0% of span PASS 

LINEARITY 

NOX 2.7% LE 5% LE PASS 

O2 %, wet vol. 1.8% LE 5% LE PASS 

O2 %, dry vol. 1.4% LE 5% LE PASS 

OPACITY TESTS 

Optical Alignment Assessment Observed Bull’s-eye Bull’s-eye PASS 

Calibration Error Check 0.64% CE 3% CE (=md + cc) PASS

Systems Response Time Check 7 seconds 10 seconds PASS

Avg. Per Calc/Record Check 1.3% of ref. value 2% of reference value  PASS

Calibration Drift Test -zero 0.45% of ref. value 2% of reference value  PASS

Calibration Drift Test -span 0.06% of ref. value 2% of reference value PASS

ANALYZER INFORMATION 

PARAMETER MODEL SERIAL NUMBER 

NOx CAI NOXygen 650 S07048 

O2-DRY CAI NOXygen 650 S07048 

O2-WET Ametek CEM/O2 10208812 

Stack Flow OSI OFS-2000 05090203E 

Opacity Teledyne Instruments 5600912 

WHERE:  MD* = RA RESULTS BASED ON AVERAGE MEAN DIFFERENCE OF CMS AND REFERNCE METHOD 

 DRIFT, LINEARITY AND OPACITY RESULTS ARE THE HIGHEST ENCOUNTERED DURING ALL TESTS 
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Table 2 

SOLVAY SODA ASH JOINT VENTURE UNIT 2 CALCINER 

SUMMARY OF FGAS CERTIFICATION RESULTS 

UNIT 2 CALCINER RESULTS STANDARD  PASS / FAIL 

RELATIVE ACCURACY 

NOx ppm  7.75% RA 20% RA Reference Method PASS 

NOx lb/MMBtu 1.32% RA 20% RA Reference Method PASS 

O2%, dry vol. 0.57% RA 1.00% RA PASS 

7-DAY CALIBRATION DRIFT  

NOx (Zero) 40 CFR 60 0.68% of span 2.5% of span PASS 

NOx (Span) 40 CFR 60 1.43% of span 2.5% of span PASS 

O2 % (Zero) 40 CFR 60 0.1%  0.5% O2 PASS 

O2 % (Span) 40 CFR 60 0.2%  0.5% O2 PASS 

Stack Flow (Zero) 40 CFR 60 0.21% of span 3.0% of span PASS 

Stack Flow (Span) 40 CFR 60 0.31% of span 3.0% of span PASS 

LINEARITY 

NOX 4.0% LE 5% LE PASS 

O2 %, dry vol. 1.1% LE 5% LE PASS 

ANALYZER INFORMATION 

PARAMETER MODEL SERIAL NUMBER 

NOx CAI NOXygen 650 S07049 

O2-DRY CAI NOXygen 650 S07049 

Stack Flow OSI OFS-2000 05090204E 

WHERE:  MD* = RA RESULTS BASED ON AVERAGE MEAN DIFFERENCE OF FGAS AND REFERNCE METHOD 

 DRIFT AND LINEARITY RESULTS ARE THE HIGHEST ENCOUNTERED DURING ALL TESTS 

SOLVAY2016_1.3_001586



_____________________________________________________________________________________ 

Solvay Soda Ash Joint Venture    Page  7  12/11/2007 

2.  CMS AND FGAS CERTIFICATION 

Field tests and DAHS tests were performed for CMS and FGAS certification in 

accordance with the criteria in 40 CFR 60, Appendix B. The results for all tests were 

determined from the data collected by the DAHS. The computer printouts for each field 

test are included in the Appendices. 

2.1   RELATIVE ACCURACY TEST AUDIT (RATA) 

Relative accuracy test audits for the common stack and the Unit 2 Calciner were 

performed between June14-15, 2006. Each test run was a minimum of 21 minutes in 

duration and consisted of sampling for NOx, O2 and flow. The times during which the tests 

were performed are shown in the Optimal test report in Appendix 1. 

The reference methods used by Interpoll are outlined below: 

CONSTITUENT                       METHOD 

Nitrogen Oxides (ppmdv)   EPA 7E 

Nitrogen Oxides (ppmdv @ 3% O2)   EPA 3A & 7E 

Nitrogen Oxides (lb/hr)   EPA 1-4 & 7E 

Nitrogen Oxides (lb/hr)
1
   EPA 1-4 & 7E 

Nitrogen Oxides (lb/10
6
Btu)        EPA 3A, 7E & 19 

Oxygen (%, wv)                                              EPA 3A & 4 

Oxygen (%, dv)                                              EPA 3A 

Stack Flow (kdscf/hr)                                     EPA 1-4 

As shown in the Relative Accuracy tables in the Optimal test report, relative accuracies for 

NOx, O2 and flow are reported as a percent error and are the sum of the absolute mean 

value of the differences between the reference method tests and the instrument readings, 

plus the 95 percent confidence interval of the differences, expressed as a percentage of the 

mean reference method value. NOx and flow results are acceptable if the relative accuracy 

using the reference method is less than or equal to 10 percent.  

The analyzer response was determined from the average of readings taken every minute 

for the duration of the time the relative accuracy tests were performed. The raw value 

reports from the CMS and FGAS are included in the Optimal test report in Appendix 1. 

The NOx, O2 and flow analyzers passed the relative accuracy requirements (as stated in 40 

CFR 60, Appendix B, PS 2, 3 and 6.  

                                                
1
 Calculated using the applicable standard of 73.0 lb/hr. 
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2.2  CALIBRATION DRIFT TEST 

The 7-day calibration drift on the NOx, O2 and flow analyzers occurred between June 5, 

2006 and June 21, 2006 on seven consecutive operating days when both the common stack 

and Unit 2 Calciner were combusting fuel at more than 50% of normal load.  

The NOx, O2 and flow data from calibrations occurring over seven operating days are 

summarized in Appendix 2. As shown, the calibration error for all analyzers was well 

within EPA requirements. The calibration summary reports and certificates of analysis for 

the cylinders are provided in Appendices 2 and 6, respectively.  

2.3  LINEARITY CHECK

The NOx and O2 linearity tests for the Unit 2 Calciner and the common stack were 

performed between June15, 2006 and June16, 2006. To perform the linearity test, the 

analyzers were challenged three times with each of three levels of calibration gas (low, 

mid and high). The mean difference between the analyzer response and the calibration gas 

value, as a percentage of the calibration gas value, must be within 5%. Results are also 

acceptable if the difference between the mean response and the calibration gas is within 5 

ppm for NOx or 0.5% O2. The results for the analyzers on both units were within the 

requirements of WDEQ and 40 CFR 75 Appendix A.   

Summaries of the linearity test results are provided in tables in Appendix 3. The 

calibration gases used for the linearity error tests were US EPA Protocol 1, following the 

requirements of 40 CFR 75, Appendix A. The certificates of analysis for the cylinders are 

included in Appendix 6.  

2.4  COMS CERTIFICATION TEST

The common stack COMS certification test is comprised of four test groups: Certificate of 

Conformance, Measurement Location, Field Audit Performance Test and Operational Test 

Period. Custom Instrumentation Service Corporation (CiSCO) and Solvay Soda Ash 

personnel performed these tests between June 16, 2006 and September 15, 2006.  The 

COMS data for these required tests are summarized in Appendix 4. 

2.4.1 Certificate of Conformance

The Solvay Soda Ash facility is required to meet ASTM D 6216-98 and provide a 

certificate of conformance from the opacity monitor manufacturer to meet the 

requirements of 40 CFR 60 PS 1 Section 8.1 (1). The Teledyne Instruments LightHawk 

560 COMS documentation can be found in Appendix 4. 

2.4.2 Measurement of Location 

40 CFR 60 Appendix B PS 1, Section 8.1(2) requires that the measuring location for the 

COMS be at least four duct diameters downstream from all particulate control equipment 

or flow disturbance. In addition, it must be at least two duct diameters upstream of a flow 
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disturbance. Figure 1 below is provided to demonstrate that the measurement location for 

the COMS at Solvay meets the 40 CRR 60 requirement.

Figure 1 

Solvay Soda Ash Joint Venture 

COMS Measurement Location 

OPACITY MONITOR LOCATION INFORMATION 

A - COMS TEST PORT ABOVE LAST DISTURBANCE  - 61 FEET 

1. 5.1 STACK DUCT DIAMETERS DOWNSTREAM OF DISTURBANCE  

B - COMS TEST PORT PRIOR TO STACK EXIT - 85 FEET 

1. 7.1 STACK DUCT DIAMETERS UPSTREAM OF DISTURBANCE

C - COMS TEST PORT STACK DIAMETER – 12 FEET 
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2.4.3 Field Audit Performance Tests 

40 CFR 60 Appendix B PS 1, Section 8.2 field audit performance test is required after 

installation of a COMS. The following tests are required to meet the requirements of 40 

CFR 60 Appendix B Section 8.1 (3). 

2.4.3.1 Optical Alignment Assessment

Blair Jenkins of CiSCO and Solvay personnel performed this test on June 15, 2006. The 

across stack alignment of the Optical Head and the Retroreflector Assemblies was 

performed by observing the Retroreflector Assembly through the eyepiece and adjusting 

the Optical Head mounting nuts on the four mounting bolts which support the Optical 

Head Assembly on the blower plate. The eyepiece contains a cross hair and a series of 

concentric circles. The alignment was achieved by adjusting the head so that the cross 

hairs were centered on the bright green image of the Retroreflector and the eyepiece circles 

were concentric with the image. Supporting documentation is provided in Appendix 4. 

2.4.3.2 Calibration Error Check (CEC)

A three-point calibration error test using three calibration attenuators (low, mid and high-

level) was performed on June 16, 2006. Separately, each calibration attenuator was 

inserted into the analyzer. Five nonconsecutive readings were made on each of the 

attenuators. The calibration error is the sum of the absolute value of the mean difference 

and the 95% confidence coefficient for each of the three attenuators. The calibration error 

limit may not exceed 3 percent at any of the three levels. 

As shown, the calibration error for the COMS is well within state and EPA requirements. 

The calibration summary reports/data and certificates of analysis for the attenuators are 

provided in Appendices 4 and 6, respectively. 

2.4.3.3 System Response Time Check

The system response time check was completed September 8, 2006. A high level 

attenuator was alternately inserted and removed five times from the external audit device. 

For each filter insertion and removal the time was measured to determine the length of 

time to display 95% of the final steady reading for both upscale and downscale. The mean 

of the five upscale values and the five downscale values were calculated to determine the 

response times for both. The response time for either scale may not exceed 10 seconds. 

As shown, the response time for the COMS is well within state and EPA requirements. 

The calibration summary reports/data and certificates of analysis for the attenuators are 

provided in Appendices 4 and 6, respectively. 

2.4.3.4 Averaging Period Calculation and Recording Check

The averaging period calculation and recording check was performed on the common 

stack COMS on August 31, 2006 using two times the averaging period plus 1 minute or 

13minute intervals. Consecutively, the calibration error check attenuators (low, mid, and 

high-level) were inserted into the external audit device for the 13-minute period. The 

COMS averaged values are compared to the corresponding attenuator values.  The COMS 
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data recorder must average and record each calibration attenuator value to within ±2 

percent opacity of the certified value of the attenuator. 

As shown, the averaging period and recording for the COMS is well within state and EPA 

requirements. The calibration summary reports/data and certificates of analysis for the 

attenuators are provided in Appendices 4 and 6, respectively. 

2.4.4 Operational Test Period 

From September 9, 2006 to September 15, 2006, the COMS was operated for an initial 

168-hour test period while Solvay Soda Ash facility was operating under normal operating 

conditions. During this period there was no unscheduled maintenance, repair, or 

adjustment to the COMS.  

2.4.4.1 Calibration Drift Test

At the outset of the 168-hour operational test period and at each subsequent 24-hour 

interval, the automatic calibration check system initiated zero and span calibration checks 

to allow the zero and span drift to be determined. The COMS response to the simulated 

zero and span devices were recorded in the DAS. After each 24-hour period, the COMS 

zero and span reading was subtracted from the reference value to calculate the 24-hour 

zero drift (ZD) and span drift (CD). At the end of the 168-hour period, the arithmetic 

mean, standard deviation, and confidence coefficient of the 24-hour ZDs and CDs were 

calculated. The sum of the absolute value of the mean and the absolute value of the 

confidence coefficient were reported as the 24-hour ZD/CD error. The COMS zero and 

upscale calibration drift error must not exceed 2 percent opacity over a 24-hour period. 

As shown, the calibration drift for the COMS is well within state and EPA requirements. 

The calibration drift summary reports/data and certificates of analysis for the attenuators 

are provided in Appendices 4 and 6, respectively. 

3. FORMULA VERIFICATION  

All variables included in the calculations were included. The formula verification 

spreadsheet and associated printouts are included in Appendix 5 

4. DISCUSSION OF RESULTS 

FGAS/DAS and CMS/DAS on Unit 2 Calciner and common stack, respectively at the 

Solvay Soda Ash Joint Venture Facility successfully met all the requirements of the EPA 

as outlined in 40 CFR 60. 
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APPENDIX 1 

RELATIVE ACCURACY TEST AUDIT REPORT  
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